Multidrug-resistant organisms (MDROs) are becoming an increasing problem in hospitals. It is believed that screening patients for the incidence of MDROs prior to hospital admission not only allows for the proper management of infection following medical procedures, but can also potentially reduce the transmission of these bacteria to other patients. The aim of this study was to assess the carriers of selected MDROs in the gastrointestinal tract among patients with advanced ovarian cancer admitted to the hospital for cytoreductive surgery and to estimate the possible relationship between rectal colonization with these organisms and nosocomial infections. From December 2013 to May 2014, we evaluated the colonization with VRE (vancomycinresistant Enterococcus), E. coli KPC+ (class A carbapenemase producing Escherichia coli), E. coli MBL+ (class B carbapenemase, metallo-ß lactamase producing Escherichia coli), and E. coli ESBL+ (extended-spectrum ß-lactamase producing Escherichia coli) in 42 patients. The patients were divided into two subgroups corresponding to the extent of their surgery: the first subgroup consisted of patients with large bowel resection (n=18) and the second subgroup of patients without resection (n=24). A rectal swab was taken within 24 hours of admission. Perioperative infectious complications were analyzed for the first 90 days following surgery with regard to the type of infection and the occurrence of examined MDROs. In our study, 2.4 % of all patients (23.8/1,000 hospitalizations) were colonized with ESBL -producing Escherichia coli: 0.0 % in the first subgroup and 4.2% in the second subgroup, respectively. We did not identify any patients who were colonized with VRE, E. coli MBL+, or E. coli KPC+. Surgical site infections were seen in 8 (19.1%) out of 42 patients. We were, therefore, unable to confirm a relationship between MDROs colonizing the large bowel and the etiological agents of perioperative infections. However, despite the lack of identification of MDROs as etiological agents of postoperative infection, the risk of serious infectious complications, combined with the changing epidemiological situation, means that microbiological monitoring should be performed in patients with ovarian cancer before and after cytoreductive surgery.
Gynecologic Oncology at the Oncology Center in Bydgoszcz during the 6-month period between December 2013 and May 2014. These patients underwent primary (n = 17) or secondary (n = 25) cytoreductive surgery. From this group, two subgroups were selected, differing, among others factors, in the extent of the surgery performed. In the first subgroup of 18 patients, the surgery included large bowel resection; in the second subgroup of 24 patients, there was no interruption of gastrointestinal continuity. The median age of the patients was 53 in the first subgroup and 57 in the second. On the day of admission to the hospital, rectal swabs for VRE (vancomycin-resistant Enterococcus), E. coli KPC+ (class A carbapenemase producing Escherichia coli), E. coli MBL+ (class B carbapenemase, metallo-ß lactamase producing Escherichia coli), and E. coli ESBL+ (extended-spectrum ß-lactamases producing Escherichia coli) were taken with the patients' consent. The material was then transferred to the Department of Microbiology where the chromogenic plates were cultured. These included: Brilliance VRE Agar, Brilliance ESBL and Brilliance CRE Agar (Oxoid, UK). The plates were incubated under the aerobic conditions specified in the manufacturer's instructions. In the case of microbial growth, identification, and resistance mechanisms were determined in accordance with the applicable procedures, using the VITEK 2 Compact (bioMérieux, USA) and the disc-diffusion method. The results were interpreted according to current EUCAST breakpoints.
In the case of diagnosis of infection within 90 days of surgery, clinical material corresponding to the site of infection was collected in accordance with the criteria of the Centers for Disease Control and Prevention. A microbiological diagnostic was then conducted following standard research procedures applicable in the Department of Microbiology of the Oncology Center in Bydgoszcz, and based on both current recommendations and recognized methodical publications.
The study was approved by the Bioethics Committee of the Collegium Medicum Nicolaus Copernicus University in Bydgoszcz.
RESULTS
In the screening conducted on the day of admission to the hospital, we did not find any VRE nor did we find E. coli KPC+ or MBL+ in any of the patients in the two examined subgroups. Likewise, E. coli ESBL+ was not found in any patients belonging to the first subgroup. In the second subgroup, the presence of E. coli ESBL+ was confirmed in 1 out of 24 patients (4.2%). Additionally, in the first subgroup, postoperative wound infection was confirmed in 5 out of 18 patients (27.8%), including one case with multiple infections (wound infection and organ /space infection). In the second subgroup, infection of the postoperative wound was observed in 3 out of 24 patients (12.5%). We did not observe infections of any other type. Table 1 shows postoperative infectious complications. When it came to etiology, we found no correlation between isolated MDROs present before surgery and the etiologic agent causing the postoperative infection. None of the examined patients developed a postoperative infection that was caused by the
INTRODUCTION
Cytoreductive surgery in patients with advanced ovarian cancer is often complicated by infection. Extensive, longterm surgical procedures with long periods of tissue exposure, including large bowel resection, are risk factors for infection. Additionally, intensive care unit treatment with invasive procedures is conducive to the emergence of infectious complications [1] [2] [3] . The most common etiological agents of infection are Gram-negative rods and enterococci, often originating from the patient's own flora [3] [4] [5] . The reservoir of bacteria responsible for endogenous infections is the gastrointestinal tract, as the colon is most commonly colonized with microorganisms. The intestinal microbiota depends on a number of factors, but the most important is antibiotic therapy. The use of broad-spectrum antibiotics, in particular, can change the intestinal microbiome structure and increase the rate of bacteria resistant to antibiotics [6] [7] . Furthermore, previous stays in a hospital environment where resistant microorganisms occur favor change in the microbiota [8] .
According to the recommendations of the Centers for Disease Control and Prevention, microbiological screening for multidrug-resistant microorganisms (MDROs) in oncological patients who are considered at high-risk of developing an infection should be performed on admission to the hospital [9] . Due to undergoing bowel resection, patients have an increased risk of developing infections from microorganisms occurring in the digestive tract following cytoreduction. Risk factors for colonization with MDROs in these patients include previous hospitalizations, antibiotic treatments and co-morbidities [3] [4] [5] .
Available publications rarely, however, discuss multidrug-resistant Gram-negative rods and screening cultures in patients before oncology surgery, but some authors have pointed out that preoperative screening can reduce empirical treatment with a targeted therapy [10] . Microbiological screening also allows the patient-carriers of MDRO to be identified and action that might limit the transmission of these microorganisms to other susceptible patients to be taken. However, the experience of some authors shows that the impact of screening is evident only in the case of the epidemic spread of MDROs [9] . According to other authors, most patients colonized with MDROs are not diagnosed through clinical cultures, so they can constitute a hidden reservoir of MDROs. A much higher rate of MDROs is reported for targeted screening in high-risk patients [11] [12] [13] .
The aim of our study was to evaluate the prevalence of the positive results of vancomycin-resistant enterococci and carbapenemase or extended-spectrum ß-lactamase producing Escherichia coli among patients with advanced ovarian cancer admitted to the hospital for cytoreductive surgery, and to assess the possible relationship between colonization with MDROs detected in screening and the etiological agents of postoperative infections.
MATERIAL AND METHODS
The prospective study included 42 patients with advanced ovarian cancer admitted to the Clinical Department of Current Issues in Pharmacy and Medical Sciences tested multidrug-resistant microorganisms originating from others sources. 
DISCUSSION
Infections after aggressive surgical procedures occur relatively frequently among ovarian cancer patients, the most common types being surgical site infections, urinary tract infections, and bacteremia/sepsis. Infectious complications are considered a cause of mortality in this group of patients [1, 5, 10, [14] [15] [16] [17] . If the infections are caused by MDROs, the options for antibiotics are limited, and, as a consequence, the mortality rate increases compared to the mortality of patients whose infections are caused by antibiotic-susceptible microorganisms. Higher treatment costs and a longer hospital stay are also typically involved [9, 18] . So far, little research has been done on the importance of MDRO colonization and the significance of screening for MDROs among patients undergoing extensive surgical procedures. Indeed, the available studies mainly concern hematologic patients, such as transplant recipients and dialysis patients [19] . Because evidence shows that prior colonization of the gastrointestinal tract with MDROs increases the overall risk of postoperative infection with these microorganisms [18] [19] [20] , we evaluated the colonization with the most important MDROs in the patients with solid tumors who qualified for extensive surgery with a possible opening of the gastrointestinal tract.
When the risk for colonization with this organism is high, screening for VRE is recommended. According to Tacconelli et al. [21] , screening on admission to the hospital should be conducted in case of positive risk factors, such as use of antibiotics within the last 30 days, age > 60 years, hospitalization within the previous year, and transfer from another hospital. In studies by Matar, et al. [20] on the occurrence of VRE colonization and subsequent infection in about 2,000 patients with hematologic malignancies or who are bone marrow transplant recipients, the presence of VRE was confirmed in 4.7% of patients. Moreover, bacteremia VRE was several times more common in patients with hematologic malignancies than in those with solid tumors, although for the latter group, the authors did not evaluate the frequency of VRE colonization. There is evidence that mucositis of a certain severity, prior use of vancomycin, and surgery on the gastrointestinal tract are significant risk factors for the development of VRE bacteremia [22] [23] . In contrast to the study by Matar et al. cited above [20] , a study on a smaller group of patients by Zaas et al. [23] found no statistically significant differences in the incidence of colonization and VRE bacteremia in patients relative to tumor type (solid versus other types of tumors). As there were no cases of bacteremia/sepsis in our study, we were unable to confirm any relationship between colonization and later infections. In contrast, some authors [24] [25] question the validity of screening as ineffective in limiting transmission and VRE infections. It also seems that there may be problems with following the screening recommendations as information about prior antibiotic use or VRE occurrence in other hospitals is not always available.
In our study, we were unable to confirm the occurrence of VRE strains either on hospital admission or after cytoreductive surgery. This may be related to a hospital-based antibiotic policy regarding the restrictive use of vancomycin and to the local epidemiological situation of both the hospital and the region (low-incidence density of VRE). However, it is worth emphasizing that the admission of a single VREcolonized patient can lead to the rapid spread of VRE on a ward and, as a consequence, to long-standing infections on the endemic level [26] [27] .
Infections caused by Gram-negative rods producing ESBL are quite common. Typical reasons for the frequent occurrence of microorganisms with this resistance mechanism are prior use of antibiotics (especially cephalosporins 3rd generation and fluoroquinolones), invasive procedures, and hospitalization in intensive care units [11, [28] [29] . The reservoir of Gram-negative rod ESBL+, as in the case of VRE, is the carrier's own digestive tract. Notably, carriage can be long-term. According to a study by Freeman et al. [30] , 75.0% of all carriers remained colonized at one year and the median duration of carriage is about 3 years. However, when it comes to the effectiveness of screening for ESBL+ Enterobacteriaceae, research has yielded ambiguous results. On the one hand, a study by Thouverez [31] demonstrates that in the case of a sporadic, non-epidemic occurrence of ESBL+ Enterobacteriaceae, clinical cultures are sufficient to control the occurrence of the bacteria. On the other hand, based on the results of a study on the incidence of infections after cytoreductive surgery and hyperthermic intraperitoneal chemotherapy conducted by Vall et al. [10] , the use of a standardized protocol in all patients enrolled for a combined procedure, including preoperative screening for ESBL and VRE is recommended.
In European countries, the rate of E. coli ESBL+ carriage in the gastrointestinal tract is highly variable, ranging from 2.7% to 30.0% of all patients, and may also occur in people who have never been hospitalized [28] [29] 32] . In our study, we confirmed a rather low prevalence of E. coli ESBL+ carriers, identifying one carrier among 42 examined patients. The patient who has confirmed the presence of this microorganism has had numerous contacts with healthcare before, including surgical procedures.
The risk factors for colonizing Gram-negative rod-producing carabapenemases are the same as for the previously mentioned microorganisms, but in this case, colonization is primarily associated with hospitalization in a facility with high incidence of infections caused by carbapenemase-producing rods [33] . About 39.0% of all patients remained colonized with Gram-negative-rod-producing carabapenemases for up to one year. In cases of symptomatic infections and multiple hospitalizations, the median colonization time is higher and may last about 2 years [34] . In our study, we did not confirm the presence of carbapenemase-producing E. coli strains. Nevertheless, due to the great potential of these organisms and the changing epidemiological situation in Poland resulting from the rapid spread of carbapenemaseproducing strains, the recommendations in case of identification of these strains should be followed [35] .
We found no link between the screening results and the appearance of infection after the surgery, regardless of the etiological agent. However, in the subgroup of patients with large bowel resection, we did not observe colonization with the examined MDROs on admission; therefore, we cannot confirm whether there is an increased risk for the emergence of infection from MDROs in case of opening a gastrointestinal tract colonized with MDROs. Still it is known that in case of resection of the gastrointestinal tract, the most common etiologic agents of intra-abdominal infections are bacteria derived from the gastrointestinal tract [3, 5, 10] .
The results of our preliminary study indicate that MDROs are infrequent in patients enrolled for cytoreductive surgery; however, these results relate to a single institution. Our work has a number of other limitations. First of all, it concerns a small group of patients admitted to the hospital in order to undergo cytoreductive surgery for ovarian cancer. Secondly, it involves a relatively brief period of observation. In addition, the risk factors for colonization by the MDROs were not collected, but were instead based on the assumption that primary disease, prior hospitalizations, and invasive procedures in these patients may result in increased incidence of MDROs. It appears, however, that among the examined patients, there were likely few, if any, who had ever had contact with the environment in which the carbapenemaseproducing E. coli or VRE strains were present.
Considering the relatively small group of patients, it would appear that in order to confirm that the MDROs originated from the digestive tract of operative patients and are not significant etiological agents of postoperative infections, the study should be repeated on a larger group of patients, taking into account the risk factors for MDROs.
CONCLUSIONS
1. Carriers of ESBL-producing E. coli were infrequent among patients with ovarian cancer admitted to the hospital for cytoreductive surgery. Carriers of carbapenemase-producing strains (KPC and MBL) and vancomycin-resistant enterococci were not identified. 2. Due to the risk of serious infectious complications caused by MDROs and a variable epidemiological situation, it would seem reasonable to conduct microbiological monitoring not only after cytoreductive surgery, but also on admission to the hospital.
